Characterization of nitric oxide signaling pathways in the mouse retina.
Nitric oxide (NO) is a gaseous neuromodulator with physiological functions in every retinal cell type. NO is synthesized by several nitric oxide synthases (NOS) and often functions through its second messenger, cyclic guanosine monophosphate (cGMP), and protein kinase G (PKG). This study combined NO imaging, immunocytochemistry, biochemistry, and molecular biology to localize NO and its downstream signaling pathways in the mouse retina. Neuronal NOS (nNOS) was localized primarily in puncta in the inner plexiform layer, in amacrine cells, and in somata in the ganglion cell layer. Endothelial NOS was in blood vessels. Light-stimulated NO production imaged with diaminofluorescein was present in somata in the inner nuclear layer and in synaptic boutons in the inner plexiform layer. The downstream target of NO, soluble guanylate cyclase (sGC), was in somata in the inner and outer nuclear layers and in both plexiform layers. Cyclic GMP immunocytochemistry was used functionally to localize sGC that was activated by an NO donor in amacrine, bipolar, and ganglion cells. Cyclic GMP-dependent protein kinase (PKG) Iα was found in bipolar cells, ganglion cells, and both plexiform layers, whereas PKG II was found in the outer plexiform layer, amacrine cells, and somata in the ganglion cell layer. This study shows that the NO/cGMP/PKG signaling pathway is functional and widely distributed in specific cell types in the outer and inner mouse retina. A better understanding of these signaling pathways in normal retina will provide a firm basis for targeting their roles in retinal pathology.